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Modeling the Spread of Disease
James Hollister

University of North Dakota Mathematics Capstone

Objectives
• Identify

our assumptions to create an SIR

Mathematically Modeling SIR
Model

model.
• Study mathematical models of the SIR model.
• Create a computer model to simulate an
extended version of the SIR model.
• Evaluate results of the computer simulations.
• Identify current limitations and future research
possibilities.

Let θ represent the contact rate and τ represent the
average recovery time when infected. We now introduce the Kermack-McKendrick model [1]:

Introducing the SIR Model

Looking at the (S, I) phase-plane and solving in
terms of I, we get the equation:
ln (S/N )
I =N −S+
θτ

The focus for this study is fast-moving diseases,
which tend to not last very long. Thus, we can
assume a fixed population. Next, we assume this
population has never been affected by this disease,
and so no members of the population begin with
any immunity to the disease, since we are assuming that one must first be infected, then recover
from the disease in order to become immune. With
these assumptions, we can create the SIR Model.
Let N represent the total population, S represent
an individual who is susceptible to the disease, but
still healthy, I represent an infected individual, and
R represent a recovered individual. To begin the
model, I will equal only the few individuals who introduce the disease to the population, while all other
members of the population will equal S, while R
will equal 0. Susceptible individuals can either stay
susceptible or become infected, while infected individuals eventually recover, and recovered individuals
stay recovered, The model ends once no infected individuals remain.

• All

Figure 2: Control Simulation

Computer Simulation of SIR
Model

Figure 3: Quarantine Simulation

size
• Avg. contact rate
• Standard deviation of contact rate
• Probability of infection
• Avg. recovery time
• Initial no. of infections
However, this model fails to account for the fight
against the disease. Thus, we can extend the SIR
model to include vaccinations and quarantines. The
simulation can take in the following input parameters:
of susceptibles vaccinated daily
• Pct. of infectious individuals quarantined
• No. of individuals never vaccinated
• Probability of dying from disease
• No. of infections before vaccinations available

individuals have equal probability of coming
in contact with each other in the models.
• We do not account for a disease’s ability to
evolve, which means recovered individuals may
not stay recovered forever.
• We do not account for the latency period, where
individuals are exposed but not yet infected.
• Each individual in the population is nearly
identical, eg. no differentiation of gender, age,
race, etc.

Future Research

• Population

• Pct.

Figure 1: SIR Model

Both the mathematical models and computer simulations have their limitations, and thus it is important to not to take exact answers from either, but
to only focus on general results. Some limitations of
the model include:

I
d
I = θIS −
dt
τ
d
S = −θIS
dt
R(t) = N − S(t) − I(t)

Mathematical models can have limitations, and running real-world experiments is impossible for this situation. However, computer simulations provide an
excellent opportunity to model a disease in a costefficient matter. I have written a Java code which
simulates the SIR model, which take in the following
input parameters:

Limitations

Results of Simulation

Both the mathematical and computer models can
be used in real-world situations. For example, one
could look at disease data from a past epidemic, and
use that data in the models to apply it to the population at hand to try and strategize a plan in case the
disease becomes present in the population. To do
this, the contact rate within the population would
need to be researched more, which is a current topic
of research among epidemiologists.
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Figure 4: Full Simulation

Input Parameter Value
Population Size
50000
Ind. Contact Mean
45
Ind. Contact SD
10
Probability of Infection 0.15
Avg. Recovery Time 96 hours
Initial Infected
5
Probability of Death
0.02
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